We extend the investigation of cognitive sex differences in schizophrenia in a novel way by grouping cognitive tests according to the direction of the typical sex difference, an approach used in studies of hormonal effects on behavior in other clinical conditions. Additionally, we explore how performance on these 'male' and 'female' tests changed following antipsychotic treatment. Seventy patients with a first hospitalization for schizophrenia or schizophreniform disorder completed cognitive tests before antipsychotic treatment and approximately 5 weeks after treatment. Thirty-nine healthy comparison subjects completed the tests at similar intervals. Primary outcome variables were composite scores on cognitive tests that in normative studies favor males over females ('male' tests) or favor females over males ('female tests'). Overall, patients performed more poorly than healthy individuals. The expected pattern of sex differences was found on the composite test scores, with an advantage for females on 'female' tests and an advantage for males on 'male' tests. Female patients showed a greater improvement on 'female' tests and a decrease in performance on 'male' tests following treatment. Although male patients did not perform significantly better after treatment on 'female' tests, they did improve on non-motor 'male' tests of visuospatial skills. Future studies of the neurocognitive effects of antipsychotic treatment may need to take potential sex differences in cognitive response into account.
INTRODUCTION
There is compelling evidence that sex modulates the clinical presentation and course of schizophrenia. The course of the disease is more benign in women than in men; females on average have a later age of onset, shorter and less frequent acute psychotic episodes, less severe negative symptoms, better premorbid functioning, and a better treatment response to antipsychotic medication compared to males (Grigoriadis and Seeman, 2002) . However, evidence remains equivocal regarding sex differences in neurocognitive deficits and in the response of these deficits to antipsychotic treatment. Some neuropsychological studies find men to be more impaired than women (Goldstein et al, 1998; Haas et al, 1991; Kopala et al, 1989; Seidman et al, 1997) ; others report women to be more impaired than men (Goldberg et al, 1995; Lewine et al, 1996; Perlick et al, 1992) ; and some have not observed differences between the sexes (Albus et al, 1997; Hoff et al, 1998) . For example, Goldstein et al (1998) reported that female patients outperformed male patients on tests of attention, verbal memory, and executive functioning. By contrast, Goldberg et al (1995) generally found similar performances between the sexes on approximately 100 neuropsychological measures, and the few significant differences favored men over women. Gur et al (2001) similarly found no overall differences in neurocognitive profiles in a sample of clinically stable patients with schizophrenia. However, similar to reports in healthy subjects, female patients performed better on a verbal memory task and were more impaired on a visuospatial task compared to male patients (Gur et al, 2001 ). This finding has been recently replicated in another sample of clinically stable patients with schizophrenia (Halari et al, 2006) . Common explanations for discrepant findings regarding sex differences in cognition include variations in illness severity (acute, chronic), inadequate sample size, sources of sampling bias, and non-balanced samples (more men than women).
Sex differences in cognitive abilities are well documented. For instance, women excel at tasks involving fine motor skills and verbal fluency, whereas men excel at visuospatial abilities (Kimura and Hampson, 1993) . One framework for understanding sex differences in cognitive functioning is the behavioral endocrinological approach that holds that sex differences often reflect the permanent effects of prenatal sex steroid hormones on brain structure and function (organizational effects) as well as the physiologic actions of circulating sex steroid hormones on brain structure and function in later life (activational effects). In this context, an approach used in the field of behavioral endocrinology to study cognitive sex differences is to group tasks according to sex differences in normative samples, using a 'male' score comprised of tests on which males outperform females and a 'female' score for tests on which females on average perform at a higher level compared to males. This approach contrasts the standard approach of analyzing sex differences in cognitive domains (eg, memory, executive function) comprised of varying tests regardless of normative sex differences in the ability to perform them. The behavioral endocrinological approach has been used in studies examining influences of sex steroid hormones on cognitive performance. For example, a study examining the possible influence of estrogen on cognitive abilities in healthy young women demonstrated within-subject enhancements on a 'female' composite score during the highestrogen phase of the menstrual cycle compared to the lowestrogen phase of the cycle (Hampson, 1990) . Conversely, a study of male-to-female trans-sexuals found a decrease in performance on a 'male' composite score with estrogen supplementation and an increase on that composite score in female-to-male trans-sexuals following testosterone administration (Slabbekoorn et al, 1999) . To date, this approach of grouping tests according to the direction of sex differences has not been used in studies of sex differences in cognitive functioning in untreated first-episode schizophrenia, or to our knowledge in the study of treatment effects on cognition in this disorder.
In the present study, we sought to investigate sex differences in cognitive response to medication in firstepisode patients with schizophrenia by examining performance on 'male' and 'female' neurocognitive composite scores. Specifically, we examined performance before and after antipsychotic treatment in a sample of antipsychoticnaïve first-episode schizophrenia patients participating in the University of Pittsburgh First-Episode Project. We hypothesized that (a) women with schizophrenia would show a post-treatment selective improvement in cognitive domains in which females typically show an advantage, and (b) this response would be greater than any change observed in male patients on cognitive tests that favor males or that favor females. A finding of greater sex-specific cognitive enhancement in female compared to male patients would suggest effects beyond a generalized 'normalization' of sex differences post-treatment.
METHODS

Participants
The sample included 70 patients (44 males, 26 females) and 39 healthy individuals (23 males, 16 females) recruited into the University of Pittsburgh First-Episode Project, a prospective study of the early course of schizophrenia. Diagnoses of these antipsychotic naïve patients were made according to The American Psychiatric Association (APA) DSM IV, 1994 using the Structured Clinical Interview for DSM diagnoses (SCID) (Spitzer et al, 1992) and consensus diagnostic review meetings examining all available clinical information. Healthy individuals were matched to patients on age, sex, and parental socioeconomic status (see Table 1 ). Healthy subjects in the project were recruited from the community via bulletin board and newspaper advertisements and had no Axis I diagnoses based on the SCID. Inclusion criteria included (1) age between 14 and 45 and (2) English as first language. Exclusion criteria included: (1) history of systemic or neurological disease, (2) earlier treatment with electroconvulsive therapy, (3) history of head trauma with loss of consciousness, (4) history of substance dependence or substance abuse within 3 months of study enrollment, and (5) history of medications known to affect neurobehavioral functions within 1 month of study entry. All female patients and healthy individuals were premenopausal. Twenty-five female patients were not receiving oral contraceptives, and for one patient this information could not be confidently determined. Seven female healthy subjects were on oral contraceptives, three were not on oral contraceptives, and for six women this information was not available.
Procedures
All participants gave oral and written consent, and the University of Pittsburgh Institutional Review Board (IRB) approved the study. A neuropsychological test battery was administered to patients no more than 7 days before treatment initiation, and follow-up testing was conducted, on average, 39 days (SD ¼ 16) after treatment began. Within 1 week of each neuropsychological testing, the following clinical scales were administered by individuals with no knowledge of neuropsychological test findings: Brief Psychiatric Rating Scale (BPRS) (Overall and Gorman, 1962) , the schedule for assessment of positive symptoms (SAPS) (Andreasen, 1994a) , the schedule for assessment of negative symptoms (SANS) (Andreasen, 1994b) , the 24-item Hamilton Depression Rating Scale (HAM-D) (Hamilton, 1960) , and the global assessment of functioning (GAF) (Endicott et al, 1976) . Following initial testing, patients were treated with either typical antipsychotics, including 
Measures
The neuropsychological tests selected for this study were selected from a more extensive test battery (Hill et al, 2004) based on previous research indicating that the tests demonstrate sex differences in the general population. The following tests were selected and grouped according to existing empirical data demonstrating reliable sex differences in normative samples.
Female tests. California Verbal Learning Test (CVLT) (Delis et al, 1987) : a measure of immediate recall, delayed recall, and delayed recognition. The outcome measure was a composite score comprised of the total number of words recalled across the five learning trials, the total number of words recalled on the short-delay free recall, and the total number of words recalled on the long-delay free recall. Digit Symbol Subtest of the Wechsler Adult Intelligence Scale (DSYM) (Wechsler, 1981) : a measure of perceptualmotor skills. The outcome measure was the total number of correct items.
Grooved Pegboard Test (GPEG) (Reitan and Wolfson, 1985) : a measure of fine motor skills. The outcome measure was the average time to complete the task for the dominant and non-dominant hands.
Controlled Oral Word Association Test (COWAT) (Thurstone and Thurstone, 1938) : a measure of letter verbal fluency. The outcome measure was the total number of words generated to letter cues across three 60-sec trials (F, A, S).
Previous studies report sex differences in favor of females on each of these tests: each of the specific CVLT outcome measures comprising the composite CVLT score (Kramer et al, 1988 (Kramer et al, , 1997 , DSYM (McCurry et al, 2001; Snow and Weinstock, 1990; Mann et al, 1990) , GPEG (McCurry et al, 2001; Ruff and Parker, 1993; Schmidt et al, 2000, and COWAT (Burton et al, 2005; Kimura, 1992; Kimura and Hampson, 1993) .
Male tests. Finger Tapping Test (Reitan and Wolfson, 1985) : a measure of motor speed. The outcome measure was the average number of total presses across the 10 trials per hand for the right and left hand (FTAP).
Benton Judgment of Lines Orientation Test (JOLO) (Benton et al, 1983) : a measure of visuospatial abilities. The outcome measure was the total number of correct items (30 trials).
Previous studies report sex differences in favor of males on these tests: FTAP (Ruff and Parker, 1993; Chavez et al, 1983; Morrison et al, 1979; Shimoyama et al, 1990) and JOLO (Rahman and Wilson, 2003; Riva and Benton, 1993) .
Psychometrics. Internal consistency using Cronbach's a was computed for the overall sample at baseline for the four 'female' tests (CVLT composite, DSYM, GPEG, COWAT) and for the two 'male' tests (Finger Tapping, JOLO) and yielded estimates of 0.64 and 0.51, respectively. For the overall sample, test-retest reliabilities for 'female' and 'male' tests were 0.82, and 0.80, respectively. There were no group differences on internal or test-retest reliability on 'female' or 'male' tests at baseline or following treatment.
Data Analyses
Less than 1% of the data was missing. Missing values were imputed using the SPSS missing value analysis regression technique with random residuals. Predictors used to estimate missing values for individual test scores included neuropsychological test scores at baseline and at follow-up (continuous predictors), sex, group, and race. Cognitive test scores were transformed into standardized z-scores using data obtained from the healthy group (males and females combined) at baseline testing. The resulting z-scores were first averaged into within-test composite scores. For example, the CVLT composite was calculated by averaging the z-score for total words recalled across the five trials, short-delay free recall, and long-delay free recall. Next, these within-test composite scores were averaged with z-scores from other sexually dimorphic tests to create two separate composites representing 'female' and 'male' advantaged cognitive abilities.
Primary analyses. A multi-factor ANOVA was used to test the primary hypotheses. The grouping variables were Sex (men, women) and Group (healthy, patients), and the within-subject variables were Time (baseline, 5 weeks) and Test ('female', 'male'). Of particular interest for all hypotheses was the four-way Group Â Sex Â Time Â Test interaction followed by specific simple interactions to test specific hypotheses. For example, the follow-up test of the three-way Group Â Sex Â Test interaction at baseline tested the hypothesis that sex differences would be greater in controls at baseline compared with patients. All follow-up tests were computed using the appropriate error term from the primary mixed factors analysis. Greenhouse-Geisser corrected p-values were used to control for family-wise error. Table 2 shows mean z-scores (with standard error) for each neuropsychological measure and the 'female' and 'male' overall composite scores for the two groups at the two test sessions. Healthy subjects performed better than patients across all domains, F(1, 105) ¼ 39.04, po0.001. The Sex Â Test interaction was also significant, validating the designation of the various tests as 'female' or 'male,' F(1, 105) ¼ 21.07, po0.001. Figure 1 shows the change in cognitive performance for male and female patients and healthy subjects on 'female' (a) and 'male' (b) tests from baseline to post-test. The test of the primary hypo-thesesFthe four-way Group Â Sex Â Time Â Test interactionFwas significant, F(1, 105) ¼ 4.75, p ¼ 0.04. This indicated that the magnitude of change in performance after treatment depended on the combined influence of treatment, sex, and whether tests favor men or women in the general population (and in this sample). The Sex Â Test Â Time interaction was significant for patients, but not for healthy subjects, F(1, 105) ¼ 6.10, po0.05, and F(1, 105) ¼ 0.34, NS, respectively, indicating that the significant change over time in test performance of men and women on 'male' and 'female' tests was restricted to the patient group. Restricting a follow-up analysis to patients of each sex, the Test Â Time interaction was significant for female patients, but not male patients, F(1, 105) ¼ 11.60, po0.05, and F(1, 105) ¼ 0.6, NS. As expected, female patients showed significant improvement on the 'female' tests and significant decline in performance on the 'male' tests, F(1, 105) ¼ 5.32, po0.05, and F(1, 105) ¼ 6.30, po0.05, respectively. Overall these results indicate that female patients showed a specific and differential improvement on 'female' tests and decline on 'male' tests following treatment, whereas male patients did not show a change in test performance on 'male' or 'female' tests after treatment. As predicted, the magnitude of the change in performance in female patients on 'female' tests (0.31 SD) was greater than the magnitude of improvement in male patients on cognitive tests that favor males (0.06 SD) or that favor females (0.05 SD).
RESULTS
The standardized mean difference (SMD) method was used to calculate effect sizes for the 'female' and 'male' tests within female patients and in healthy subjects to evaluate the magnitude of the treatment effect. Effect sizes were calculated within female patients and healthy subjects by subtracting their baseline score on the 'female' and 'male' tests by their retest scores. On 'female' tests, the effect size was nearly twice as large for female patients compared to healthy female subjects, ES ¼ 0.31 and ES ¼ 0.16, respectively. Similarly on 'male' tests, there was a larger effect size in female patients compared to healthy female subjects, ES ¼ À0.33 and ES ¼ À0.09, respectively.
A post-hoc test of the primary hypothesis was conducted to exclude tests that predominantly required motor control, specifically the grooved pegboard and finger tapping test. This analysis was done in light of possible adverse effects of antipsychotic treatment on motor skills (ie, adverse effects on extrapyramidal systems) that might counteract a beneficial effect on higher cognitive functions in our composite score analyses. Again, the four-way Group Â Sex Â Time Â Test interaction was significant, F(1, 105) ¼ 6.23, p ¼ 0.01. The simple Sex Â Test Â Time interaction again was significant for patients, but not for healthy subjects, F(1, 105) ¼ 9.19, po0.05, and F(1, 105) ¼ 0.47, NS, respectively. Restricting the analyses to patients, the Test Â Time interaction was significant for both female and male patients, F(1, 105) ¼ 9.24, po0.05, and F(1, 105) ¼ 9.16, po0.05, respectively. Female patients showed significant improvement on the 'female' tests and significant decline in performance on the 'male' tests, F(1, 105) ¼ 11.77, po0.05, and F(1, 105) ¼ 5.07, po0.05, respectively. Conversely, male patients showed significant improvement on the 'male' composite (now consisting only of JOLO) and no improvement on the 'female' composite, F(1, 105) ¼ 18.57, po0.05, and F(1, 105) o1.0, NS, respectively. Overall, this post-hoc analysis showed a differential improvement in male and female patients on non-motor tests that favored abilities typically performed better by healthy individuals of their sex.
Post-hoc exploratory tests were also conducted to determine whether atypical (risperidone) and typical antipsychotics (haloperidol) have differential effects on Significant sex difference in favor of females in healthy subjects at baseline. b Significant sex difference in favor of males in healthy subjects at baseline. Also, recall that z-scores were calculated by creating within-test z-scores. This is important because the mean of the baseline z-scores for a multi-variable test such as the CVLT is not 0 for the healthy subjects as one would expect if all scores were converted to z-scores based on the baseline scores for the total healthy sample.
cognitive response in female patients. There were too few patients on the other antipsychotics to examine their effects on cognition. We conducted two multi-factor ANOVAs in a subset of female patients comparing the effects of risperidone to haloperidol over Time (baseline, 5-weeks) on 'female' and then 'male' tests. There were 12 women receiving risperidone treatment (M ¼ 3.31 mg/day, SD ¼ 2.95) and 13 receiving haloperidol treatment (M ¼ 3.67 mg/day, SD ¼ 3.77). Parental SES, age, and IQ levels were not significantly different in the two treatment groups. Female patients in this subanalysis, as in the full analysis, showed an overall improvement following treatment on 'female' tests, F(1, 23) ¼ 6.77, p ¼ 0.02. Notably, although the sample size is small, the pattern of effects was similar for both medication treatments, F(1, 23) o1.00, NS, and for the interaction between Group and Time on 'female' tests, F(1, 23) o1.00, NS. This smaller group of female patients did not show a significant decrease in performance on 'male' tests following treatment though the effect was in the expected direction, F(1, 23) ¼ 1.17, p ¼ 0.29, and was similar in both treatment groups, F(1, 23) ¼ 1.37, and for the interaction between Group and Time on 'male' tests, F(1, 23) o1.00, NS. Overall this exploratory analysis revealed no differential cognitive response to risperidone and haloperidol treatment in female patients.
Analyses of Clinical Ratings
There was no sex difference in clinical response to treatment, although there was evidence of significant improvement across all patients on each clinical measure: BPRS, F (1, 54) 
DISCUSSION
In the present study, we sought to extend the investigation of cognitive sex differences in schizophrenia in a novel way by grouping cognitive tests according to the direction of the typical sex difference, an approach used in studies of hormonal effects on behavior in other clinical conditions. The post hoc analysis showed a significant Group Â Sex Â Time Â Test interaction, F(1, 105) ¼ 4.75, p ¼ 0.04. Asterisks denote significant pairwise difference in within-subject change over time. Female patients showed significant improvements on 'female' tests and a decrease in 'male' tests over time. Male patients did not show significant improvement on 'male' or 'female' tests. Composite scores were first created by computing withintest z-scores followed by between-test z-scores. Therefore, the composite scores will not sum to 0 as typically expected. We also sought to explore how performance on these 'male' and 'female' tests changed following antipsychotic treatment. Our hypothesis that women with schizophrenia would show a post-treatment, selective improvement in 'female' tests and a decline on 'male' tests, was supported. Most importantly, we also found support for our prediction that this selective positive response would be greater than any improvement observed in male patients on cognitive tests that favor males or that favor females. These findings of greater sex-specific cognitive enhancement in female compared to male patients indicated effects beyond a similar 'normalization' of sex differences in male and female patients post-treatment.
A series of post-hoc analyses addressed other issues relevant to the primary findings of interest. One limitation of the present study is that results were based on an observational study and therefore we had no experimental control over what medications women were receiving. In a post-hoc analysis, we detected no differences between risperidone and haloperidol on cognitive performance in female patients although our small sample size provided limited statistical power. Recent studies reported that conventional and atypical prolactin-sparing antipsychotics had similar effects on estrogen levels in women with schizophrenia (Bergemann et al, 2005a; Canuso et al, 2002) but other studies report differing effects on other endocrine systems, including cortisol and adrenocorticotropic hormone (Cohrs et al, 2004 (Cohrs et al, , 2006 Tandon and Halbreich, 2003) . A second concern was that extrapyramidal side effects post-treatment might influence the pattern of findings, because motor tests were included in the 'male' and 'female' domains. The pattern of effects was generally the same in analyses excluding motor tests, but the findings are limited by the availability of only one non-motor male test, the JOLO. Future studies with more 'male' tests are needed to re-examine this issue. A third issue was the relationship between sex and cognitive and clinical responses to treatment. There was no sex difference in clinical response to treatment that might account for the sex-specific effects on sexually dimorphic cognitive tests. Clinical improvement post-treatment was significantly related to improvement on 'female' tests among female patients, but unrelated to improvements on the JOLO in male patients and unrelated to declines on 'male' tests among females.
Multiple factors may account for the observed patterns of cognitive changes in female and male patients following treatment. The 'female' testsFthe California Verbal Learning Test, Digit Symbol, Grooved Pegboard, and Controlled Oral Word Associations TestFdraw on different neural substrates for successful performance, suggesting that the treatment response is not owing to a common underlying neural network but to their common sensitivity to sexrelated differences. Previous studies linking these tests together in 'male' and 'female' composite scores have shown changes in performance associated with sex steroid hormones, for example across the menstrual cycle (Hampson, 1990) or with testosterone supplementation (Slabbekoorn et al, 1999) . The decline in visuospatial abilities in female patients following treatment is notable in light of a previous report in premenopausal women showing that as estradiol levels increased, performance on visuospatial tests decreased and performance on tests that show a female advantage increased (Maki et al, 2002; Hampson, 1990) .
One explanation of the present findings is that antipsychotic treatment may have facilitated a normalization of estrogen's activational regulation of neurophysiology and cognition, with consequent positive effects on verbal memory, visual scanning, and psychomotor speed, and negative effects on visuospatial skills in female patients. This explanation cannot be directly tested, because we did not have direct sampling of estrogen in the periphery of the brain, nor a direct measure of estrogen's ability to regulate neurophysiological systems. However, the explanation is parsimonious in light of what is known about the neurobiology of sex differences in cognition, particularly about the differential effects of endogenous estrogen on 'male' and 'female' abilities (Maki et al, 2002; Hampson, 1990) . The role of estrogen in modulating the clinical course of schizophrenia has been supported in recent clinical trials showing improved clinical response to antipsychotic treatment with exogenous estrogen therapy (Akhondzadeh et al, 2003; Bergemann et al, 2005b; Kulkarni et al, 2001; Louza et al, 2004) . Additionally, fluctuations in endogenous estrogen across the menstrual cycle are associated with fluctuations in symptoms in women with schizophrenia, with lower severity in the midluteal (high estrogen) phase compared with the follicular low estrogen phase (Hallonquist et al, 1993; Thompson et al, 2000) . Sex differences in other factors, particularly sex-linked genetic factors and other sex hormones, may also contribute to the pattern of findings. Regardless of the mechanism of the observed sex differences in treatment outcome, this pattern of effects in the present study suggests that sex may influence which cognitive abilities improve or decrease with antipsychotic treatment. Such effects may not have been seen in earlier studies when men or women are pooled for analyses, or when tests with different male and female advantages are combined into composite scores according to cognitive domain (eg, executive function).
This study had some notable limitations. Our sample of healthy female subjects included naturally cycling women and women receiving oral contraceptives, whereas women with schizophrenia were not receiving oral contraceptives. Although this would confound a comparison between patients and controls, the primary finding of interest was the different clinical response between male and female patients, and no female patients were receiving oral contraceptives. Secondly, our 'female' and 'male' composites had moderate internal consistency levels, which were somewhat lower for 'male' tests (0.51). This difference in internal consistency might contribute to the finding of a smaller effect size for female patients on the 'male' tests compared with the 'female' tests. Adding additional sexually dimorphic tests to enhance the 'male' composite index may help to increase internal consistency and potentially enhance detection of change on male tests. Lastly, replication of the study is needed.
In summary, the present study examined sex differences in the cognitive response to antipsychotic treatment in a relatively large sample of antipsychotic-naïve first-episode schizophrenia patients. When neuropsychological abilities were parsed into male and female domains according to the presence and direction of a normative sex difference, a differential pattern of cognitive response to antipsychotic treatment by male and female schizophrenia patients was evident. Following treatment, female patients demonstrated a significant cognitive improvement on 'female' tests and a significant cognitive decline on 'male' tests. Male patients did not change significantly on 'female' tests and showed improvement on 'male' tests when motor tests, which are often adversely affected by treatment via effects on extrapyramidal systems, were excluded from the analysis. A parsimonious explanation for these effects is that during acute psychosis, there may be a reduced regulation of neural physiology by estrogen. Treatment led to a recovery of typical patterns of sex differences in cognitive abilities, perhaps by normalizing the ability of estrogen to have activational effects on neural systems. Although some other factor or set of factors might account for the observed sexdifference in cognitive outcome of antipsychotic treatment, the observation itself is important for understanding cognition-enhancing effects of antipsychotics and it implies a need to take potential sex differences into account in planning future studies comparing approaches for reducing cognitive deficits. Both for this purpose and to learn more about sex differences in schizophrenia and the effects of treatment upon them, cognitive studies may benefit from including more 'female' and 'male' biased tests in designing test batteries for protocols investigating the cognitive effects of drug treatments.
